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British Medical3Journal, 1976 , 2, 1347 -1350 Summary Urine osmolality was studied in 38 babies nursed in conventional incubators or cots and 18 nursed under an overhead radiant heat shield. Among 50 babies receiving a similar fluid intake in the first 48 hours of life mean urinary osmolality was significantly higher in the radiant heater group. In babies weighing less than 1500 g a trend towards higher urinary osmolalities was recorded in those nursed under radiant heaters even though they had received al-most double the fluid intake of the incubator group. Severe hypernatraemia occurred in four of the five babies weighing less than 1000 g who were nursed under radiant heaters but in none of the seven babies of similar birth weight nursed in incubators.
These findings are consistent with previous observations of an increase in insensible water loss in babies nursed under radiant heaters and emphasise the importance of providing enough extra water for these infants and the need for close monitoring of their fluid balance. The latter may be done at the bedside by measuring urinary specific gravity with a hand refractometer.
Introduction Recent estimations of insensible water loss in the newborn period have suggested that infants of low birth weight may lose over 60 ml/kg/24 hours.1 2 These values are much higher than those found by others.3 4An increase in insensible water loss in babies nursed under radiant heaters compared with that in babies nursed in conventional incubators has also been reported. 2 gestational age was significantly greater in the cot-nursed group than in those nursed under the radiant heater (P < 0 02). Twenty-eight of the 31 incubator babies and 11 of the radiant heater babies were fed on expressed breast milk. The remainder, including all cot-nursed infants, received formulated milk (Cow and Gate V formula or Babymilk No 1). Nine of the incubator babies and three of the radiant heater babies received part of their fluid intake as 50°0 dextrose intravenously.
Group 2: babies with birth weights under 1500 g-Fourteen of the infants studied had a birth weight under 1500 g (eight of these were also included in group 1). Clinical data on these infants are shown in table II. There was no significant difference between the birth weights or gestational ages of the two groups. All were fed on expressed breast milk. Four of the five incubator babies and seven of the nine radiant heater babies received part of their fluid intake as 500 dextrose intravenously.
Group 3: babies with birth weights under 1000 g-During the three months six babies were born weighing less than 1000 g (these were all included in group 2, and four were included in group 1). The plasma sodium concentrations of these babies were reviewed together with data available on a further six babies who weighed less than 1000 g who were born in the preceding six months. Plasma sodium rather than urinary osmolality was chosen, since this information was available for the retrospective group. Clinical data on the 12 babies (seven nursed in incubators, five nursed under the radiant heater) are shown in table II. The two groups did not differ significantly in birth weight or gestational age. There were seven deaths (three in the incubator group, four in the radiant heater group), all due to intraventricular haemorrhage.
Results
The low birth weight infant who developed hypernatraemic dehydration under the radiant heater early in the study (fig 1) weighed 870 g at 27 weeks' gestation, was free of respiratory distress, and received no alkali treatment. Her fluid intake was 64 ml/kg in the first 24 hours and 101 ml/kg in the second 24 hours of life (half expressed breast milk, half intravenous 500 dextrose). By the third day her urinary osmolality was approaching 600 mmol (mosmol)/kg, and the plasma sodium had risen from 140 mmol (mEq)/l on the first day to 161 mmol/l. She had become clinically dehydrated. The introduction of extra fluid from the third day onwards resulted in a return of the urinary osmolality and plasma sodium values to normal.
In many of the infants studied the urine bag leaked, and we could not therefore accurately measure urine output. The mean number of urine samples analysed for Age ( hours) . fig 2. Clinical data are shown in table I. Urinary osmolalities were significantly higher in radiant heater babies than in both incubator-(P < 0-005) and cot-nursed (P < 0-05) babies.
Group 2: urinary osmolalities-Mean osmolalities for these 14 babies are shown in fig 3. Clinical data are shown in table II. The radiant heater babies received, on average, nearly twice the fluid intake of the incubator group. Despite this the radiant heater group tended to have higher urinary osmolalities, although this difference was not significent (P > 0 05).
Group 3: plasma sodium concentrations-For the first 96 hours of life (fig 4) plasma sodium levels for the seven nursed in incubators were within or below the normal range for all but two estimations. All those nursed under radiant heaters, however, developed plasma sodium levels greater than 145 mmol/l, and in four out of five cases levels of over 160 mmol/l were encountered. Clinical data on these 12 infants are shown in table II.
Urinary osmolality v specific gravi.ty-Paired measurements on 1000 urine samples from the infants studied ( fig 5) showed a high correlation (r=0 97). A urinary osmolality of 200 mmol/kg corresponded to a urinary specific gravity of 1 006+0 002.
Discussion
The radiant heater provides a convenient environment for the intensive care of newborn infants. Several studies have indicated that it compares favourably with conventional incubators, both for routine nursing care,7 9 and for procedures such as rescucitation in the delivery room'0 or exchange transfusion." The advantages of the radiant heater over conventional incubators include ready access to the infant for both medical and nursing staff, ease of cleaning and sterilisation, and the ease with which ventilators and monitoring equipment can be arranged close to the infant. In our experience another important advantage of the overhead radiant heater is that visiting parents feel less isolated from their baby than when a conventional incubator is used.
A disadvantage of the radiant heater is that it causes an increase in insensible water loss. Williams and Oh,5 measuring insensible weight loss as an approximation of insensible water loss, found that it doubled in term babies nursed under the radiant heater compared with that in babies nursed in conventional incubators, and, in a similar study, Wu and Hodgman2 recorded increases of 80",, in babies of over 1500 g and 50O" in babies of less than 1500 g associated with the use of the IMI radiant heater. Our finding that urinary osmolalities in the first 48 hours of life, measured as an index of dehydration, were higher in babies under radiant heaters than in those nursed in incubators or cots agrees with these observations. Since total insensible water loss increases with decreasing gestational age, infants of low birth weight nursed under radiant heaters are particularly at risk of dehydration. We have not been able to show this conclusively by measuring urinary osmolalities in the few infants of low birth weight whom we studied, although there was a trend towards higher urinary osmolalities in infants of less than 1500 g nursed under the radiant heater, despite a fluid intake almost double that of the incubator group.
In babies with very low birth weights (less than 1000 g) we found that severe hypernatraemia was common under the radiant heater, confirming the suspicion expressed by Katzman.6 This hypernatraemia is most readily explained on the basis of an increased insensible water loss in these infants. Although babies nursed under radiant heaters in our study received marginally more sodium bicarbonate treatment than incubator babies, the absence of alkali administration in one infant who developed severe hypernatraemia (fig 1) and the relatively small amounts used in other infants suggest that sodium bicarbonate administration was not the primary cause of the observed hypernatraemia. Any tendency to hypernatraemia produced by insensible water loss, however, might be excacerbated by sodium bicarbonate administration to infants nursed under radiant heaters or in incubators.
In view of the current debate about the relation between raised plasma sodium levels or rapid changes in plasma osmolality and intraventricular haemorrhage,'2 13 it is important to monitor the fluid balance of very light babies nursed under the radiant heater and to provide extra fluid in an attempt to prevent hypernatraemic dehydration. From our data, we cannot comment on the possibility that hypernatraemia might have contributed to the occurrence of intraventricular haemorrhage.
The factors which predispose the short-gestation infant to an increased rate of insensible water loss have been reviewed by Fanaroff et al.1 These include thinness of the epidermis and an increased skin permeability, increased skin blood flow, higher skin water content, an increased surface area to mass ratio, and, possibly, an increased loss of water from the respiratory tract associated with an increased minute volume per unit body weight. The further increase in insensible water loss that occurs under the radiant heater remains largely unexplained. The recent data of Wu and Hodgman2 on insensible water loss in low birth weight babies under the radiant heater, together with our finding of severe, early hypernatraemia in these babies, indicate that infants weighing less than 1000 g should receive at least 100-120 ml/kg of fluid in the first 24 hours of life and that this should be given intravenously until it is established that oral feeds are not pooling in the stomach.
Our observations show that an increase in urinary osmolality provides an indication of dehydration, even in the first days of life in low birth weight, preterm infants. Our findings agree with those of a study'4 which showed that most newborn infants, adequately hydrated, will have urinary osmolalities between 100 and 200 mmol/kg. We also confirmed that urinary specific gravity, as measured with the hand refractometer, correlates well with urinary osmolality, an osmolality of 200 mmol/kg corresponding to a urinary specific gravity of 1-006 0-002 ( fig 5) . This provides a useful method of assessing fluid balance, particularly since accurate measurement of urine output may be technically difficult in newborn infants. Like Jones et al,'4 we suggest that to protect newborn infants nursed under radiant heaters from dehydration urinary specific gravity or osmolality should be routinely monitored and should be kept below values of 1-008 or 200 mmol/kg respectively.
